Behaviour and physiology in fish are affected from environmental factors. Particularly, habitat and culture environment in aquatic animals are essential for life stages. In this study, biomarkers of oxidative stress and antioxidant were compared in wild and farmed Çoruh trout (Salmo coruhensis) spermatozoa. In spermatozoa of Çoruh trout, lipid peroxidation (malondialdehyde), glutathione and enzymatic antioxidant activities (catalase, superoxide dismutase, glutathione peroxidase) were assessed. Our data demonstrated that superoxide dismutase (0.44±1.25 Umg -1 protein), catalase (15.21±4.69 k.g -1 protein), glutathione peroxidase (42.89±0.61 Ug -1 protein), glutathione (0.18±4.01 µmolg -1 cell) and malondialdehyde (2.49±0.12 nmol.g -1 cell) levels in wild fish were low compared to spermatozoa of farmed fish. Overall, alterations in malondialdehyde levels and the antioxidant status could be differences in habitat.
Introduction
Salmo trutta being Salmonid fish species has aquaculture potential, economic and recreational value (Kocabas et al., 2011a; b) . Distribution of its forms is occurred from in Europe, North Africa, West Asia to Anatolia (Kuru, 2004; Kottelat and Freyhof, 2007Lİ) . Black Sea trout (S. t. labrax) has been identified by Turan et al. (2009) as Salmo coruhensis (Can et al., 2012; Seyhaneyildiz Can et al., 2014 ). An endemic anadromus fish S. coruhensis
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is only presented in the rivers and streams of Eastern Black Sea Region (Kocabaş and Bascinar, 2013) . Generation of reactive oxygen species (ROS) is affected by cellular and environmental factors such as by product of cellular respiration, synthesized by enzyme systems, exposure to ionizing radiation, pesticides, pollution, and heavy metals. Antioxidant defense system contains glutathione-S-transferase (GST), catalase (CAT), glutathione peroxidase (GSH-Px), glutathione (GSH), proteins and vitamins. They can inactive the harmful effects of ROS. The body produces more antioxidant enzymes in order to eliminate of ROS damage (Frei, 1999; An et al., 2008; Aksu et al., 2016; 2017) .
Sperm characeristics are important for fertilization and hatching success in aquaculture and aquatic life (Kutluyer et al., 2015; Kocabaş et al., 2019) . Poor sperm quality might be associated with extinction or loss of populations due to reducing productivity (Kutluyer et al., 2016) . To our knowledge, there are no reports about the effect of habitat on oxidative stress biomarkers in spermatozoa of Çoruh trout. Only a study about comparison of oxidant and antioxidant status of spermatozoa in trout species (Salmo rizeensis, Salmo coruhensis, Oncorhynchus mykiss) has been performed in wild by Kutluyer et al. (2018) . In this framework, in this study, oxidant and antioxidant status were compared in wild and farmed Çoruh trout (S. coruhensis) spermatozoa.
Materials and Methods
Experimental design
For 
Measurement of lipid peroxidation and the antioxidants
The centrifugation of sperm sample was made at 3000×g at 4°C for 15 min and homogenization of the pellet in an ice bath was performed with the 1.15% KCl. MDA levels (nmolg -1 sperm cells) was measured by the method of Placer (1966) . The SOD enzyme activity (U/mg protein) was assayed by the methot of Sun et al. (1988) . The CAT activity (as kg -1 protein) was assessed using the method of Aebi (1984) . The GSH-Px activity (Ug -1 protein) was determined according to the method of Matkovics et al. (1988) . The concentration of reduced glutathione (μmolg -1 sperm cells) was assessed according to Chavan et al. (2005) . Protein was determined with bovine serum albumin (BSA: standard) by the method of Lowry et al. (1951) .
Statistical analysis
Data obtained from measurements are given as the mean ± standard deviation. Differences among treatments for enzymatic values were compared by independent samples t-test. The Kolmogorov-Smirnov two-sample test was used to compare the different groups. Data were analyzed using SPSS 14.0 software. A minimum significance level of P< 0.05 was accepted.
Results and Discussion
Levels of MDA, SOD, GSH, GSH-Px and CAT are given in Table 1 . Our data indicated that SOD, CAT and GSH (P>0.05), MDA and GSH-Px levels (P<0.05) were low in wild compared to farmed fish spermatozoa. Physiology and behaviour of fish are influenced by environmental factors (e.g. temperature, hardness, salinity, pH, pollutants, and habitat) (Vinagrea et al., 2012) . In particular, habitat and culture environment are versatile for aquatic organisms due to affect each stage of life cycle (egg, larvae, juvenile and adult) and can also affect a variety of parameters including growth, improvement of feeding performance, feed intake, physiology of fish and stress (Gleyzer, 1983; Rotllant et al., 2003; Barcellos et al., 2009; Ebrahimi, 2011) . There are no comparative studies on the effect of habitat on oxidant and antioxidant status of Çoruh trout spermatozoa. However, oxidant and antioxidant status of seminal plasma and spermatozoa has been compared in several fish species (Shaliutina-Kolesova et al., 2013; Dzyuba et al., 2016; Kocabaş and Bascinar, 2016; Kutluyer et al., 2015 Kutluyer et al., , 2016 Kutluyer et al., , 2018 . In light of the above research we have examined the levels of the antioxidants SOD, CAT, GPX, GSH as well as lipid-peroxidation levels in spermatozoa of wild and farmed Çoruh trout in the present study. Overall, we demonstrated differences in the physiological response of fish spermatozoa due to produce Reactive Oxygen Species (ROS) under stress condition.
The presence of MDA (Malondialdehyde) being the oxidative damage products in lipid peroxidation indicates oxidative stress in spermatozoa (Saliu and Bawa-Allah, 2012) . Spermatozoa are highly sensitive to lipid peroxidation (LPO) due to be lack protective cytoplasmic enzymes in membrane structure and to have polyunsaturated fatty acids (PUFA) at high concentrations (Li et al., 2010) . Present results indicated that the highest level of MDA concentration was in farmed fish, which means that habitat stress affects the cellular response of fish spermatozoa facing ROS. In this study, SOD, CAT, GSH-Px and GSH antioxidant levels were high level in farmed fish spermatozoa. The reason of this stiutiation can be reducing oxyradicals production. Especially, GSH-Px being one of oxidative defensive enzymes was significantly high level in farmed trout due to for the neutralization of ROS and protection from lipid peroxidation (Aitken and Roman, 2008) . Our results showed that CAT activity was slightly low level in wild. Our data demonstrated that GSH was higher level in farmed trout. Reduced glutathione being antioxidant agents provide protection structure of cell againist lipid peroxidation (Olakolu et al., 2012) . In present study, superoxide dismutase activity was highest level in farmed trout compared to wild trout. We suggested that the antioxidant response to stress can be explained by habitat differences. Habitat might be caused free radical generation in spermatozoa. The present results may be due to reduced stress in wild due to be their natural habitat. In addition, reason of the stress can be unsuitable feed in fish farming (Henrotte et al., 2010) .
Conclusion
Consequently, habitat affected to the antioxidant status of Çoruh trout spermatozoa. It is recommended that feeds and feeding protocols could be optimized under rearing conditions. The knowledge will provide to benefit aspects related to fish production and farming. 
